1 Resilient or vulnerable? What do we know about women, gender equality, and agriculture under climate change?
IFAD 2015). Stemming from these differences, women and men will have different needs and priorities for training, technology, and climate information needs and priorities, based in their differing access to resources, social and gender norms, and gender division of labor (World Bank, FAO, IFAD 2015; Jost et al. 2016; Tall et al. 2014) . When they are able to access CSA and climate information, they are in fact just as apt to implement CSA practices as men (Gumucio and Schwager 2019; Twyman et al. 2014 ).
However, CSA will not necessarily be relevant to, or beneficial for women. Some argue that CSA is a compilation of market-led and productivity-oriented practices that are antithetical to feminist approaches in agriculture for development (Collins 2018) . It has the potential to entrench and solidify prevailing power and gender relations within a community if questions are not asked about who is controlling the technology and who benefits from the practice (Haapala 2018) . The tendency to allocate new labor-intensive activities to women can mean they will be hesitant to adopt new adaptive practices in agriculture out of concern that their workload will increase (Beuchelt and Badstue 2013) . It has been argued that "gender" research in CSA is mostly concerned with a men-women dichotomy that ignores power and social and political relations, stemming from gender, race, class, ethnicity, religion, and age (Djoudi et al. 2016; Mungai et al. 2017) .
Constraints from outside agriculture also influence women's ability to adopt and benefit from CSA. In some regions, barriers such as lack of access to finance, transport, or energy to support production activities need to be addressed for women before they can start to consider adopting CSA practices. Some researchers have noted a tendency for women to adopt laborintensive CSA technologies for their own work (probably due for cost reasons) which may mitigate against other equality benefits by increasing their workloads (Mutenje et al. 2019; Farnworth et al. 2017; Arora et al. 2017; Murray et al. 2016) . Inadequate infrastructure for water or transportation will increase women's unpaid care work and time expended in fetching water or taking produce to market, while social norms restrict women's public interactions, participation in decision-making, and control over resources. Conversely, better access to infrastructure can reduce women's workload and increase their incomes, while also influencing changes in gender norms. In Uganda, one result of improved access to water, electricity, healthcare, and childcare was increased participation by men in domestic and unpaid care work in the household (Butt et al. 2018; Van Houweling et al. 2012 ).
2 Promoting gender equality for resilience through CSA Climate change research in general demonstrates glaring gaps in understanding the different adaptive strategies and capacities of men and women, and the technologies, practices, and enabling environments that will empower women (CCAFS and FAO 2013; Huyer 2016) . A major challenge is to identify the context-specific technologies and supporting measures that may be needed. Which trade-offs and co-benefits from different combinations of options will benefit women and promote the transformation of agriculture and rural development in ways that promote gender equality (Beuchelt and Badstue 2013; Locatelli et al. 2015; Thornton and Herrero 2015 ; CCAFS (CGIAR Research Program on Climate Change, Agriculture and Food Security) 2016)? As well, while approaches for integrating gender into prioritization and impact measurement of CSA technologies and climate services have been developed and tested (Duong et al. 2016; Duong et al. 2017; Nelson and Huyer 2016; Jost et al. 2014; Gumucio et al. 2018 , there continues to be a gap in understanding what are the gender equality aspects and results of designing and implementing CSA practices, and how gender equality or empowerment results in CSA are measured 2 .
Articles in this issue address these questions in two ways, by (1) analyzing the status of women and gender equality in relation to climate change and agriculture and (2) presenting methods and indicators to better understand the potential of CSA for increasing gender equality in the context of climate change.
The first group of articles presents analyses of women and gender equality in relation to climate change impacts, to inform responses by policymakers and implementers. Each identifies gender differences and gaps and assesses the opportunities to promote better options for women and men. While there is a solid base of research on the effects of climate change on women farmers (e.g. Rao et al. 2017; Jost et al. 2016) , there is less understanding of conditions that will affect potential gender differences in climate change impacts, and that can support the crafting of policies and actions to address these impacts. When policymakers and implementers have better disaggregated data and knowledge about the location, agricultural contributions, and climate effects of different groups in society, they can focus their actions to more effectively reach and benefit women and other sectors of society. The first two articles in the issue, "Woman in agriculture and climate risks: hotspots for development" and "Potential of climate-smart agriculture in reducing women farmers' drudgery in high climatic risk areas," add a gender dimension to an already existing methodology to identify climate "hotspots." It compares areas that are food insecure and vulnerable to the impacts of climate change (availability, access, and utilization of food) with the level of climate change exposure affecting agricultural systems (Ericksen et al. 2011) . The adapted gender methodology maps three main indicators: (i) the participation of women in agriculture, (ii) degree of climate risks (drought and floods, changes in rainfall patterns, and dependency on natural resources), and (iii) poverty in two countries: India and Nepal. The resulting maps identify "hotspots" or highrisk areas where climatic risks overlap with a high proportion of women in agriculture. While this kind of macro-level approach has been criticized for failing to take into account important differences in socioeconomic level, status, etc., which affect women's situation, it does offer a large-scale overview for policymakers and support organizations to identify those areas where the greatest climate risk and vulnerability exist.
A related tool for policymakers-gender mainstreaming-is applied to climate policy in Tanzania and Uganda in "Gender in climate change, agriculture, and natural resource policies: insights from East Africa" by Ampaire and colleagues. Since the Beijing Platform for Action was agreed by governments in 1995, gender mainstreaming in policy has been recognized as an important step towards gender equality, promoting economic and social development and improving other development outcomes such as women's access to productive resources, increased health and nutrition, and agricultural productivity gains, among other things (AfDB 2013). However, after three decades of effort to implement this approach, including global commitments such as the Convention on the Elimination of All Forms of Discrimination against Women (CEDAW) and the implementation of gender mainstreaming mandates in 2 The UN Women definition of gender equality focuses on "equal rights, responsibilities, and opportunities of women and men and girls and boys" as a precondition to "improve the development process by putting social concerns at the center." Related to equality is empowerment, which involves challenging power relations as well as formal and informal rules and practices (social norms) that regulate women's lives and constrain their opportunities. Empowerment is related to increased control over assets, resources, knowledge, and ideology, focusing on the ability of women, through increased agency, to increase their bargaining power in both public and personal lives (Batliwala 1994; Kabeer 2012; Moser 2017; Sen 1997 ). many countries, feminists, scholars, and practitioners are questioning the value of this strategy (Moser and Moser 2005; Rao and Kelleher 2005) . These debates have prompted assessments of the effectiveness of national gender policies (Krizsan and Lombardo 2013) and of gender mainstreaming in policies, programs, projects, and institutions in general (de Waal 2006; Nhamo 2014) . The article in this issue continues this analysis, in particular building on work in Latin America by Gumucio and Rueda (2015) to analyze the inclusion of gender in climaterelated policies in Latin America. Results of the analysis in East Africa show that while there has been an increase in gender responsiveness in policy in both Tanzania and Uganda as part of the global push for gender mainstreaming, important shortfalls exist. In many policies, gender issues are identified as "women's issues," rather as differences between women and men with little attention to structural inequalities such as participation in decision-making, equal rights to land and inheritance, and access to financial assets. To assess the status of gender mainstreaming in these countries, the authors reviewed 155 policy documents, development plans, and annual action plans from national, district, and sub-county/ward levels for gender references and allocations, along with district and sub-county budgets, for four consecutive financial years. The authors found that governments in both Uganda and Tanzania have made positive progress in integrating gender in policies, development plans, and implementation strategies, with a general positive shift from gender-blind policy to integration of gender as a cross-cutting issue. However, there are variations in the extent to which gender is integrated. Lack of consistency in gender mainstreaming across governance levels, insufficient budgeting for gender, and identification of actions that do not address structural inequalities are the main constraints to effective gender policymaking in these countries. This aligns with research elsewhere that indicates climate policy still has some way to go to get beyond limited, or in some cases "token," references to gender, to establishing real action on the ground (see Arora-Jonsson 2011; Acosta et al. 2019; Gumucio and Rueda 2015; UNDP 2016) . The authors note that shortcomings in substance in gender mainstreaming could hamper efforts to bridge the gender inequality gap in Africa and meet the SDG targets. They recommend steps that can be taken to build capacity of policymakers to understand the gender dimensions of climate change as well as how gender can be meaningfully mainstreamed into policy, implementation plans, and budgets.
The fourth article, "Gender and climate risk management: evidence of climate information use in Ghana," addresses the lack of sex-disaggregated data in the climate information services (CIS) literature (Gumucio and Schwager 2019) . It demonstrates the value of collecting disaggregated data in the sector, as well as the insights that gender analysis can provide in understanding gender differences in access to climate information services. Earlier research has found that reaching women with CIS often requires different channels of communication as well as different contents, to take into account differing access to technologies and different roles in agriculture . This research expands that understanding to assess whether mobile phone-enabled services have the potential to bridge the gender climate information gap. Coming out of an initiative to support farmers with more effective and timely climate information, the analysis presents research on gender trends in use and access to climate information services delivered through mobile phone platforms and underscores the necessity to collect sex-disaggregated data on and develop gender-responsive climate risk mitigation actions in Ghana.
The article assesses gender differences in benefits of a pilot public-private partnership between Esoko (an ICT company) and the Ghana Meteorological Agency that provided CIS to farmers through information and communication technology (ICT) platforms in two districts in Ghana (Lawra and Jirapa). Seasonal forecast information and agro-advisories were made available to farmers through mobile phones in different formats (voice, SMS, and call center). While evidence was emerging that climate information delivered through the Esoko platform was beneficial to farmers (Etwire et al. 2017) , the gender results of the initiative were not clear. The research in this issue assessed (1) whether perceptions on climate change and variability differ between men and women farmers; (2) whether gender is a determinant of climate information use; and (3) whether men and women benefit and face similar constraints to the use of climate information services. Results showed that while 85.2% (representing 767) of farmers were aware of climate change and its implications for their agriculture and other livelihood activities, and that while men and women were found to have similar perceptions about climate change, use of CIS may be influenced by gender. Men tended to use the service more than women, likely because they were more able to buy and use mobiles to access the climate and agro-information. Women generally used their husbands' phones. This echoes research and data from the GMSA that show that the digital gender divide is greater in ownership and control of mobiles than in access to them, and that the gap is not noticeably closing (GSMA Connected Women 2019). Nevertheless, despite these differences in access to CIS, both men and women found it beneficial for farm decision-making on issues such as when to begin land preparation, when to plant, and which crop to select. As well, both men and women were found to face similar constraints (such as poor network connectivity and limited of training) to accessing and using CIS through the Esoko platform, although women's constraints were slightly more likely to be based on resource limitations and illiteracy than men. Building on research elsewhere Gumucio and Schwager 2019) , the authors recommend the need to explore different dissemination channels for information for women and men, as well as design of CIS that meet gender-specific needs and capacities.
In this and other cases, CSA practices and technologies have been found to improve productivity and income for participating farmers while reducing risks, but contributions of the CSA approach to gender equality and empowerment within households are not well understood. In some cases, CSA may entrench gender inequalities, while in others, women's empowerment is a factor in CSA adoption (see Aggarwal et al. 2018; Haapala 2018; Mutenje et al. 2019) . The second group of articles in this issue explores methodologies and approaches to address this knowledge gap. The approaches presented consist of both new and adapted methodologies to better understand the following: (i) gender equality in relation to CSA and climate-resilient agriculture approaches ("Potential of climate-smart agriculture in reducing women farmers' drudgery in high climatic risk areas" and "Contributing to the construction of a framework for improved gender integration into climate-smart agriculture projects monitoring and evaluation: MAP-Norway experience"); (ii) exploration of whether CSA practices can lead to greater empowerment for women and men ("Does climate-smart village approach influence gender equality in farming households? A case of two contrasting ecologies in India"); and (iii) development of indicators to measure gender equality results ("Does climatesmart village approach influence gender equality in farming households? A case of two contrasting ecologies in India" and "Contributing to the construction of a framework for improved gender integration into climate-smart agriculture projects monitoring and evaluation: MAP-Norway experience").
Khatri-Chhetri and colleagues in "Potential of climate-smart agriculture in reducing women farmers' drudgery in high climatic risk areas" focus on one critical gender equality aspect of agriculture in the context of climate change: women's work burden. As they note, there is significant concern that women are likely to be more negatively affected by climate impacts, especially in developing countries where they are highly reliant on natural resources for livelihoods and household well-being (IPCC 2014; Dankelman 2010; Cooper 2018; Beuchelt and Badstue 2013) . Most analyses have been limited to their access to resources and decision-making (Kristjanson et al. 2017 ), but the effects on women's workload in agriculture could be very significant. In this context, women's agricultural activities in South Asia tend to be labor-intensive: sowing, weeding, and harvesting. Climate change impacts such as decreasing crop residues and biomass for energy and livestock feed, the need to re-sow or transplant crops, and decreases in crop yields are likely to increase women's workload more, given their involvement in these and related activities.
The authors propose a methodology to assess the labor-reducing potential for women of selected CSA technologies and practices: farmers' practice (FP), direct-seeded rice (both zero tillage and low tillage with machine), system of rice intensification (SRI), green manuring, and laser land leveling (LLL). In this approach, technologies that reduce women's labor contribution while improving agricultural productivity and income are considered to be womenfriendly technologies. Piloted in Rupandehi and Chitwan districts in Nepal, a framework was developed to understand changes in women's agricultural work as a result of the introduction of selected CSA technologies and practices. The first step is to assess the agricultural activities in which women are predominantly involved, followed by identification of the activities in which CSA would be most likely to benefit them. CSA technologies and practices in other regions that have been shown to reduce labor while increasing productivity were then selected and assessed in terms of five CSA indicators-efficiency, equity, gender, environment, and sustainability (Quinney et al. 2016) .
The analysis in the pilot sites found that direct seeded rice, zero tillage machines, laser land leveling, and green manuring have potential to significantly reduce women's workloads, with direct seeded rice (zero tillage and low tillage using machine) and green manuring (GM) being the most likely to significantly reduce their labor hours. This finding is corroborated by analysis elsewhere in the region that found drum rice seeders can significantly reduce women's workload (Khan et al. 2016 ). However, the study in this issue did not assess women's actual access to the CSA technologies identified as potentially most useful, or their use or non-use by women. As the authors note, the interrelationship of labor-reducing technologies with other factors, such as access and control of resources, participation in decision-making about the adoption of CSA technologies, and linkages to new markets, needs further attention. This is a critical next step, since analysis elsewhere of women's use of LLL, for example, has found that constraints of socioeconomic norms and cost restrict their access to this technology (Aryal et al. 2015) , despite their potentially labor-reducing effects. Khatri-Chhetri and colleagues identify a need for further research using holistic approaches to evaluate the implications of different CSA technologies and practices on men and women in different socioeconomic settings.
The final two articles propose indicators to measure gender equality results and the empowerment of women in the context of climate-resilient agriculture and natural resources. The first presents a proposed index that was tested in two regions in India-Bihar and Haryana. In "Does climate-smart village approach influence gender equality in farming households? A case of two contrasting ecologies in India," Hariharan and colleagues develop an approach to measure the empowerment of women and men in climate-smart villages (CSVs) 3 . The Gender Empowerment Index for CSVs (GEI-CSV) was developed to assess gender trends in empowerment in CSVs. The Index draws on two global initiatives-the Global Gender Gap Index (World Economic Forum 2018) and the Women's Empowerment in Agriculture Index (WEAI) (Alkire et al. 2013 )-to construct a framework that measures four domains of empowerment: political, economic, social, and agricultural. Indicators are identified to measure both increases in degree of empowerment (e.g., increased access to credit; better access to a mobile phone) as well as the achievement of empowerment in the form of the following: participation in village-or household-level decision-making, better control of money for various uses, and increased participation in agricultural decisions, among others. The added dimensions of the GEI-CSV include a focus on agricultural technologies and management practices in the context of climate change, as having the greatest influence on participation in agriculture in the climate context by households and household members and on agricultural production. As a result, the expanded set of agricultural indicators measures empowerment both in the recognized sense of increased decision-making in household agricultural decisions and increased incomes (CCAFS and FAO 2013) but also in relation to climate vulnerability and resilience of women and men, i.e., the ability to respond to and adapt to the impacts of climate change (Perez et al. 2015) . Resilience indicators include ability to manage agricultural risk, use of climate insurance, crop diversification, and access to weather and agro-information. The GEI is customizable for different regional and agricultural contexts. The weight and number of indicators assigned to each domain in the pilot were determined in the context of the CSVs in Bihar and Haryana. For example, the weight assigned to political participation is lower because of equality measures already in place such as women's representation in local-level political bodies, but this can be changed to reflect differences in the political context in different regions.
The pilot in Bihar and Haryana found increased empowerment for both women and men in CSVs in both regions, compared with non-CSVs. For women, positive change was most evident in Haryana, where in CSVs, they experienced significant improvement in the different domains of the index, in comparison with women in non-CSVs. Results for women in Bihar showed lesser increases in empowerment, perhaps due to lower levels of literacy and socioeconomic status of women in that region. Nevertheless, women in CSVs still experienced some degree of improvement in relation to women in non-CSVs in the region. This study concludes that climate-smart approaches can increase empowerment of women and men in agriculture by increasing their resilience and adaptive capability while also increasing gender equality in decision-making and control of resources. The results here provide a basis for further exploration of the promotion of gender equality and empowerment through CSA approaches in different regions, both for comparison within and across regions, and for longer-term monitoring and assessment.
The final article by Isabel Gutierrez-Montes and colleagues proposes a set of indicators to measure equality and empowerment in CSA, based on a framework developed by the Mesoamerican Agroenvironmental Program of Norway (MAP-Norway). MAP-Norway was implemented in Central America in 2009 and uses a "climate-smart territory" approach to address poverty, food, and nutrition insecurity, gender inequality, degradation of ecosystem services, and vulnerability to climate change (Centro Agronomico Tropical de Investigacion y Enseñanza (CATIE) 2013). It incorporates a set of gender indicators for local and household levels; the regional level with businesses and territorial governance platforms; and the national level. As the authors note, the quantitative indicators used by MAP-Norway produce a useful overview of decision-making patterns among household members and at different levels in business and governmental organizations. They go beyond simplistic counting of numbers of women and men in organizational and social contexts, to include indicators that can provide useful signals about the degree and nature of gender equality-such as how many businesses have gender-sensitive statutes or recruitment processes that address gender equity issues.
However, as the authors also point out, quantitative data is insufficient to measure changes in gender roles and status in different contexts, and may be misleading. Gender respondent biasbias in opinions about the role and work of household members-is a known risk for household surveys. This is supported by recent research in Uganda which found that women reported joint household decision-making more often than men, who presented themselves more often as the sole decision-makers; and in Western Kenya where women and men gave different responses relating to control and decision-making around the sale of milk (Tavenner et al. 2018; Acosta et al. 2019) . Based on work with focus groups, the authors propose a set of qualitative indicators to assess decision-making for agricultural productivity and food security. They include, for example, questions on both women and men's perceptions of women's roles and workload in household, community, and business organizations. They also propose quantitative indicators to get at gender results in agricultural productivity in assessing the use by female-headed households of farm equipment, fertilizers, and pesticide, as well as distribution of assets within a household. This set of indicators can be a model for the development of gender indicators for adaptation and mitigation in CSA, for example, to monitor issues such as access to water for irrigation and household use. The authors recommend that mixed methods of qualitative and quantitative approaches be applied to deepen and enrich analysis of gender equality in CSA, for project planning and implementation at all levels in both the public and private sectors.
Conclusion
Climate change is expected to exacerbate poverty and increase vulnerability in most developing countries, and create new poverty areas in countries with increasing inequality. The IPCC predicts that climate change will also exacerbate existing gender inequalities, adding to the vulnerabilities already experienced by rural women in the developing world. Without recognition of the role women play in adapting to climate change, global gender inequalities will increase-including the gender gap in agriculture. The articles in this issue present new opportunities and approaches that need to be tested, replicated, and scaled up. CSA and agriculture for development will need to grapple with the challenge of gender equality if the threats posed by climate change are to be tackled and the world is to reach the 2°target.
